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[57] ABSTRACT

An integrated circuit chip set is provided for use in a radio
communication system in which a modulated digital input
signal is processed for transmission and a modulated signal
received from an antenna is processed to provide an output
signal, wherein the modulation of the signals is either QPSK
or FSK and the signal transmission and reception is by either
TDD or FDD. The chip set includes an IF integrated circuit
chip for processing a digital input signal to convert the
digital input signal into an analog input signal and to provide
the input signal at an intermediate frequency and for pro-
cessing a received signal at the intermediate frequency to
down convert the frequency thereof and to provide an output
signal from the down-converted received signal; and an RF
integrated circuit chip for processing the input signal pro-
vided by the IF chip at the intermediate frequency to up
convert the frequency thereof to a transmission frequency
and for processing a received signal provided at the recep-
tion frequency to down convert the frequency thereof to the
intermediate frequency. The IF chip includes switches and
terminals for enabling the IF chip to be connected for
processing by the IF chip of QPSK-modulated signals or to
be connected for processing by the IF chip of FSK-
modulated signals; and the RF chip includes terminals for
enabling the RF chip to be connected for processing by the
RF chip of TDD transmitted and received signals or to be
connected for processing by the RF chip of FDD transmitted
and received signals.

19 Claims, 3 Drawing Sheets
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UNIVERSAL RADIO ARCHITECTURE FOR
LOW-TIER PERSONAL COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION

The present invention generally pertains to radio commu-
nication systems and is particularly directed to an improve-
ment in radio architecture for low tier personal communi-
cation systems.

Low-tier personal communication systems utilize a vari-
ety of modulation schemes and generally use ecither a
time-division duplex (TDD) or a frequency-division duplex
communication scheme. The modulation schemes generally
are either quadrature phase shift keying (QPSK) or fre-
quency shift keying (FSK). The QPSK modulation schemes
generally include ¥4+ QPSK and % DQPSK; and the FSK
modulation schemes generally include GFSK and GMSK
(Gaussian minimum shift keying).

Chip sets presently used for personal communication
systems include an intermediate frequency (IF) integrated
circuit chip for processing a digital input signal to convert
the digital input signal into an analog input signal and to
provide the input signal at an intermediate frequency and for
processing a received signal at the intermediate frequency to
down convert the frequency thereof and to provide an output
signal from the down-converted received signal; and a radio
frequency (KF) integrated circuit chip for processing the
input signal provided by the IF chip at the intermediate
frequency to up convert the frequency thereof to a trans-
mission frequency and for processing a received signal
provided at the reception frequency to down convert the
frequency thereof to the intermediate frequency. In the prior
art, these chips are customized in accordance with whether
the modulation scheme is QPSK or FSK and in accordance
with whether the communication scheme is TDD or FDD.

SUMMARY OF THE INVENTION

The present invention provides an integrated circuit chip
set for use in a radio communication system in which a
modulated digital input signal is processed for transmission
and a modulated signal received from an antenna is pro-
cessed to provide an output signal, wherein the modulation
of the signals is cither QPSK or FSK and the signal
transmission and reception is by either TDD or FDD, the
chip set comprising an IF integrated circuit chip for pro-
cessing a digital input signal to convert the digital input
signal into an analog input signal and to provide the input
signal at an intermediate frequency and for processing a
received signal at the intermediate frequency to down con-
vert the frequency thereof and to provide an output signal
from the down-converted received signal; and an RF inte-
grated circuit chip for processing the input signal provided
by the IF chip at the intermediate frequency to up convert the
frequency thereof to a transmission frequency and for pro-
cessing a received signal provided at the reception frequency
to down convert the frequency thereof to the intermediate
frequency; wherein the IF chip and the RF chip in combi-
nation include means for providing the input signal at said
intermediate frequency when the modulation of the digital
mnput signal is QPSK modulated and for providing the input
signal at said intermediate frequency and/or at the transmis-
sion frequency when the modulation of the digital input
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signal is FSK modulated; and means for sampling the

down-converted received signal to provide said output sig-
nal when the down-converted received signal is QPSK
modulated and for demodulating the down-converted
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received signal to provide said output signal when the
down-converted received signal is FSK modulated; and
wherein the IF chip includes switches and terminals for
enabling the IF chip to be connected for said processing by
the IF chip of QPSK-modulated signals or to be connected
for said processing by the IF chip of FSK-modulated signals;
and wherein the RF chip includes terminals for enabling the
RF chip to be connected for said processing by the RF chip
of TDD transmitted and received signals or to be connected
for said processing by the RF chip of FDD transmitted and
received signals.

The present invention further provides an IF chip as
described above.

The present invention also provides an RF chip as
described above.

Additional features of the present invention are described
with reference to the detailed description of the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a preferred embodiment of
an IF chip according to the present invention that is con-
nected for processing QPSK-modulated signals.

FIG. 2 is a block diagram of a preferred embodiment of

an IF chip according to the present invention that is con-
nected for processing FSK-modulated signals.

FIG. 3 is a block diagram of a preferred embodiment of
a combination of an RF chip and an amplifier/switch chip
according to the present invention that is connected for
processing TDD transmitted and received signals.

FIG. 4 is a block diagram of a preferred embodiment of
a combination of an RF chip and an amplifier/switch chip
according to the present invention that is comnected for
processing TDD transmitted and received signals.

In the Drawing, reference numerals 1 through 18 desig-
nate various terminals of the respective chips, with some of
the same numerals being used to designate different termi-
nals of different chips.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, a preferred embodiment of the
IF chip 20 includes a digital-to-analog converter (DAC) 22,
a phase-locked loop (P11.) 24 including PLL circuitry 26
and a phase-locked oscillator 28, a first mixer 30, a second
mixer 32, a third mixer 34, a limiting amplifier 36, a
sampling circuit 38, an analog-to-digital (A/D) converter 40,
a frequency divider 42, a first switch 44, a second switch 46,
a third switch 48 and eighteen terminals 1-18. The fre-
quency divider 42 may be either a programmable frequency
divider or a frequency divider that divides by a fixed,
predetermined quotient, such as two, three or four.

The input of the DAC 22 is connected to a seventeenth
terminal 17 of the IF chip 20 and the output of the DAC is
coupled to a first terminal 1 of the IF chip. The DAC 22
converts a digital input signal provided at the seventeenth
terminal 17 into an analog input signal, which is provided
from the output of the DAC 22 to the first terminal 1 of the
IF chip.

The input of the phase-locked oscillator 28 is connected
to a second terminal 2 of the IF chip 20 and the output of the

phase-locked oscillator 28 is connected to a third terminal 3
of the IF chip.

The first mixer 30 has one input connected to the output
of the phase-locked oscillator 28, a second input connected
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to a fourth terminal 4 of the IF chip 20 and an output
connected to a fifth terminal S of the IF chip.

The second mixer 32 has one input connected to a sixth
terminal 6 of the IF chip 20, another input connected to the
output of the phase-locked oscillator 28 and an output
connected to a seventh terminal 7 of the IF chip 20.

The third mixer 34 has one input connected to an eighth
terminal 8 of the IF chip 20, another input connected to a
ninth input terminal 9 of the IF chip 20 and an output
connected to a tenth terminal 10 of the IF chip.

The limiting amplifier 36 has an input connected to an
eleventh terminal 11 of the IF chip 20 and an output
connected to a twelfth terminal 12 of the IF chip.

The sampling circuit 38 has an input connected to a
thirteenth terminal 13 of the IF chip 20 and an output

connected to a fourteenth terminal 14 of the IF chip.

The A/D convertor 40 has an input connected to the
limiting amplifier 36 and an output connected to a fifteenth
terminal 15 of the IF chip 20 for providing at the fifteenth
terminal 15 of the IF chip 20 a digital signal indicating the
strength of the signal provided at the input of the limiting
amplifier 36.

Clocking signals for the sampling circuit 38 and the A/D
converter 40 are provided thereto via a sixteenth terminal 16
of the IF chip 20 by an external reference-frequency signal
source 50. Clocking signals for the DAC 22 and the PLL
circuitry 26 are provided thereto via the frequency divider
42 and the sixteenth terminal 16 of the IF chip 20 by the
external reference-frequency signal source 5.

The first switch 44 of the IF chip 20 enables an input/
output (I/0) terminal 18 of the IF chip to be coupled to either
the fifth terminal of the IF chip or the sixth terminal of the
IF chip.

The second switch 46 of the IF chip 20 enables the ninth
terminal 9 of the IF chip to be connected to either the twelfth
terminal 12 of the IF chip or the reference frequency signal

source S50 via the frequency divider 42 and the sixteenth
terminal 16 of the IF chip.

The third switch 48 of the IF chip 20 enables the thirteenth

terminal 13 of the IF chip to be either open or connected to
the twelfth terminal 12 of the IF chip.

When the sixth terminal 6 of the IF chip 20 receives the
received signal at the intermediate frequency, the second
mixer 32 of the IF chip down converts the frequency of the
received signal from the intermediate frequency and pro-
vides the down-converted signal at the seventh terminal 7 of

the IF chip.

Referring to FIG. 1, in order to enable the IF chip 20 to
process either a QPSK-modulated digital input signal or an
FSK-modulated digital input signal provided to the seven-
teenth terminal 17 of the IF chip, the first terminal 1 of the
IF chip is coupled by a first bandpass filter (BPF) 52 to the
fourth terminal 4 of the IF chip, whereby the IF chip is
connected for enabling the first mixer 30 of the IF chip to
mix the output of the phase-locked oscillator 28 with the
analog input signal provided at the first terminal 1 of the IF
chip by the DAC 22 and provide the input signal at the
intermediate frequency to the fifth terminal § of the IF chip.

Referring to FIG. 2, in order to enable the IF chip 20 to
process an FSK-modulated digital input signal provided to
the seventeenth terminal 17 of the IF chip, the first terminal
1 of the IF chip is coupled by a low-pass filter (LPF) 53 to
the second terminal 2 of the IF chip, whereby the IF chip is
connected for enabling the input of the phase-locked oscil-
lator 28 to be modulated with the analog input signal
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provided at the first terminal 1 of the IF chip by the DAC 22
and the input signal is provided at the intermediate fre-
quency from the output of the phase-locked oscillator 28 to

the third terminal 3 of the IF chip.

In an alternative embodiment also described with refer-
ence to FIG. 2, in order to enable the IF chip 20 to process
an FSK-modulated digital input signal provided to the
seventeenth terminal 17 of the IF chip, the first terminal 1 of
the IF chip is coupled by a low-pass filter 53 to the second
texminal 2 of the IF chip for enabling the input of the
phase-locked oscillator 28 to be modulated with the analog
input signal provided at the at the first terminal 1 by the DAC
22 and the fourth terminal 4 is connected to the output of the
frequency divider 42 (connection not shown) for enabling
the first mixer 30 of the IF chip to mix the output of the
phase-locked oscillator 28 with the reference-frequency
signal provided at the output of the frequency divider 42,
whereby the IF chip is connected for providing the input
signal from the output of the first mixer 30 of the IF chip to
the fifth terminal 5 of the IF chip at the intermediate
frequency.

Referring again to FIG. 1, in order to enable the IF chip
20 to process a QPSK-modulated down-converied received
signal provided to the seventh terminal 7 of the IF chip 20
by the second mixer 32 of the IF chip, the seventh terminal
7 of the IF chip is coupled by a second bandpass filter 54 to
the eighth terminal 8 of the IF chip, the ninth terminal 9 of
the IF chip is coupled by the second switch 46 of the IF chip
to the reference-frequency signal source 30 via the fre-
quency divider 42, the tenth terminal of the IF chip is
coupled by a third bandpass filter 56 to the eleventh terminal
of the IF chip and the twelfth terminal of the IF chip is
coupled by the third switch 48 of the IF chip to the thirteenth
terminal of the IF chip, whereby the IF chip 20 is connected
for enabling the third mixer 34 of the IF chip to further
down-convert the received signal and for enabling the
limiting amplifier 36 and the sampling circuit 38 to sample
the downconverted received signal and provide the sampled
signal as a digital output signal to the fourteenth terminal 14
of the IF chip.

Referring again to FIG. 2, in order to enable the IF chip
20 to process an FSK-modulated down-converted received
signal provided to the seventh terminal 7 of the IF chip 20
by the second mixer 32 of the IF chip, the seventh terminal
7 of the IF chip is coupled by a fourth bandpass filter S8 to
the eleventh terminal 11 of the IF chip, and the twelfth
terminal 12 of the IF chip is coupled to the eighth terminal
8 of the IF chip through a phase-shifting element 60 and
connected directly to the ninth terminal 9 of the IF chip,
whereby the IF chip 20 is connected for enabling the limiting
amplifier 36, the phase-shifting element 60 and the third
mixer 34 of the IF chip to demodulate the down-converted
received signal and provide the demodulated signal at the
tenth terminal 10 of the IF chip. A low-pass filter 62 is
connected to the tenth terminal 10 of the IF chip for filtering
the demodulated output signal.

Referring to FIGS. 3 and 4, a preferred embodiment of the
RF chip 70 includes a first mixer 72, a second mixer 74, a
third mixer 76, a first switch 78, a second switch 80, and ten
terminals 1-10.

The first mixer 72 of the RF chip 70 has one input coupled
to a first terminal 1 of the RF chip 70, another input coupled

to a second terminal 2 of the RF chip and an output coupled
to a third terminal 3 of the RF chip.

The second mixer 74 of the RF chip 70 has one input
coupled to a fourth terminal 4 of the RF chip, a another input
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coupled to a fifth terminal S of the RF chip and an output
coupled to a sixth terminal 6 of the RF chip.

The third mixer 76 of the RF chip 70 has one input
coupled to a seventh terminal 7 of the RF chip, another input
coupled to the fifth terminal 5 of the RF chip and an output
coupled to an eighth terminal 8 of the RF chip.

The first switch 78 of the RF chip 70 enables a first I/O
terminal 9 of the RF chip to be connected to either the first

terminal 1 of the RF chip 70 or the eighth terminal 8 of the
RF chip 70.

The second switch 80 of the RF chip 70 enables a second
I/0 terminal 10 of the RF chip to be connected to either the

sixth terminal 6 of the RF chip 70 or the seventh terminal 7
of the RF chip 70.

The preferred embodiment of the chip set of the present
invention further includes an amplifier/switch chip 82. The
amplifier/switch chip 82 includes a first amplifier 84, a

second amplifier 86, a first switch 88, a second switch 90 and
eight terminals 1-8.

The first amplifier 84 has an input coupled to a first
terminal 1 of the amplifier/switch chip 82 and an output
coupled to a second terminal 2 of the amplifier/switch chip.

The second amplifier 86 has an input coupled to a third
terminal 3 of the amplifier/switch chip 82 and an output
coupled to a fourth terminal 4 of the amplifier/switch chip.

The first switch 88 of the amplifier/switch chip 82 enables
an /O terminal 7 of the amplifier/switch chip to be con-
nected to either the first terminal 1 of the amplifier/switch
chip or the fourth terminal 4 of the amplifier/switch chip.

The second switch 90 of the amplifier/switch chip 82
enables an antenna terminal 8 of the amplifier/switch chip to

be connected to either a fifth terminal 5§ of the amplifier/
switch chip or a sixth terminal 6 of the amplifier/switch chip.

The antenna terminal 8 of the amplifier/switch chip is
connected to an antenna 92 for transmitting the input signal
at the transmission frequency and for receiving the received
signal at the reception frequency.

In order to pass QPSK-modulated input signals at the
intermediate frequency from the IF chip 20 to the RF chip
70 when the transmitted and received signals are TDD
transmitted and received signals, the 170 terminal 18 of the
IF chip 1s coupled to the first I/O terminal 9 of the RF chip
by a bandpass filter (not shown); the first switch 44 of the IF
chip 20 connects the I/O terminal 18 of the IF chip to the
fifth terminal S of the IF chip; and the first switch 78 of the
RF chip connects the first I/O terminal 9 of the RF chip to
the first terminal 1 of the RF chip to thereby provide the
input signal at the intermediate frequency from the output of
the first mixer 30 of the IF chip to the input of the first mixer
72 of the RF chip.

In order to pass FSK-modulated input signals at the
intermediate frequency from the IF chip 20 to the RF chip
70 when the transmitted and received signals are TDD
transmitted and received signals, the third terminal 3 of the
IF chip 1s connected to the first terminal 1 of the KF chip to
thereby provide the input signal at the intermediate fre-
quency from the output of the phase-locked oscillator 28 of
the IF chip to the input of the first mixer 72 of the RF chip.

In order to pass QPSK-modulated input signals at the
intermediate frequency from the IF chip 20 to the RF chip
70 when the transmitted and received signals are FDD
transmitted and received signals, the I/O terminal 18 of the
IF chip is coupled to the first I/O terminal 9 of the RF chip
by a bandpass filter (not shown); the first switch 44 of the IF
chip 20 connects the I/0O terminal 18 of the IF chip to the
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fitth terminal § of the IF chip; and the first switch 78 of the
RF chip connects the first I/0 terminal 9 of the RF chip to
the first terminal 1 of the KF chip to thereby provide the
input signal at the intermediate frequency from the output of
the first mixer 30 of the IF chip to the input of the first mixer
72 of the RF chip.

In order to pass FSK-modulated input signals at the
intermediate frequency from the IF chip 20 to the RF chip
70 when the transmitted and received signals are FDD

transmitted and received signals, the third terminal 3 of the
IF chip is connected to the first terminal 1 of the RF chip to
thereby provide the input signal at the intermediate fre-
quency from the output of the phase-locked oscillator 28 of
the IF chip to the input of the first mixer 72 of the RF chip.

In order to pass either QPSK-modulated or FSK-
modulated received signals at the intermediate frequency
from the RF chip 70 to the IF chip 20 when the transmitted
and received signals are either TDD transmitted and
received signals or FDD transmitted and received signals,
the I/O terminal 18 of the IF chip is coupled to the first I/O
terminal 9 of the RF chip by a bandpass filter (not shown);
the first switch 44 of the IF chip 20 connects the I/0O terminal
18 of the IF chip to the sixth terminai 6 of the IF chip; and
the first switch 78 of the RF chip connects the first I/O
terminal 9 of the RF chip to the eighth terminal 8 of the RF
chip to thereby provide the received signal at the interme-
diate frequency from the output of the third mixer 76 of the
RF chip to the input of the second mixer 34 of the IF chip.
When the received signals are QPSK modulated, the band-
pass filter may be the same bandpass filter (not shown) as
used for passing input signals from the IF chip 20 to the RF
chip 70.

Referring to FIG. 3, in order to enable the RF chip 70 to
process an input signal provided at the intermediate fre-
quency to the first terminal 1 of the RF chip 70 when the
transmitted and received signals are TDD transmitted and
received signals, the second terminal 2 of the RF chip is
coupled to the output of a gain control circuit 93, the third
terminal 3 of the RF chip is connected to the fourth terminal
4 of the RF chip, and the fifth terminal § of the RF chip is
coupled to the output of a frequency synthesizer 94 that
provides a reference signal having a frequency equal to the
difference between the transmission frequency and the inter-
mediate frequency, whereby the RF chip is connected for
enabling the second mixer 74 of the RF chip to convert the
frequency of the input signal provided at the first terminal 1
of the RF chip to the transmission frequency and provide the

input signal at the transmission frequency to the sixth
terminal 6 of the RF chip.

Reterring to FIG. 4, in order to enable the RF chip 70 to
process an input signal provided at the intermediate fre-
quency to the first terminal 1 of the RF chip 70 when the
transmitted and received signals are FDD transmitted and
received signals, the second terminal 2 of the RF chip is
coupled to the output of a 1ocal oscillator 96 that provides a
reference signal having a frequency equal to the difference
between the transmission frequency and the reception
frequency, the third terminal 3 of the RF chip is coupled by
a bandpass filter 98 to the tourth terminal 4 of the RF chip
and the fifth terminal of the RF chip is coupled to the output
of a frequency synthesizer 100 that provides a reference
signal having a frequency equal to the difference between
the reception frequency and the intermediate frequency,
whereby the RF chip is connected for enabling the first
mixer 72 of the RF chip to change the frequency of the input
signal provided at the first terminal 1 of the RF chip by the
difference between the transmission frequency and the
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reception frequency and for enabling the second mixer 74 of
the RF chip to convert the frequency of the input signal
provided at the output of the first mixer 72 of the RF chip to
the transmission frequency and provide the input signal at
the transmission frequency to the sixth terminal 6 of the RF
chip.

Referring again to both FIGS. 3 and 4, the second I/0
terminal 10 of the RF chip 70 is coupled to the I/0 terminal
7 of the amplifier/switch chip 82 by a bandpass filter 102.

In order to pass input signals at the transmission fre-
quency from the RF chip 70 to the amplifier/switch chip 82,
the second switch 80 of the RF chip connects the second /O
terminal 10 of the RF chip to the sixth terminal 6 of the RF
chip and the first switch 88 of the amplifier/switch chip 82
connects the /O terminal 7 of the amplifier/switch chip to
the first terminal 1 of the amplifier/switch chip. This
embodiment may used when the transmitted and received
signals are either TDD transmitted and received signals or
FDD transmitted and received signals. In an alternative
embodiment that is used only when the transmitted and
received signals are FDD transmitted and received signals,
the sixth terminal 6 of the RF chip 70 is coupled by a
bandpass filter (not shown) other than the bandpass filter 102
to the first terminal 1 of the amplifier/switch chip 82 in order
to pass input signals at the transmission frequency from the
RF chip 70 to the amplifier/switch chip 82.

In order to pass received signals at the reception fre-
quency from the amplifier/switch chip 82 to the RF chip 70,
the second switch 80 of the RF chip connects the second I/O
terminal 10 of the RF chip to the seventh terminal 7 of the
RF chip and the first switch 88 of the amplifier/switch chip
82 connects the I/O terminal 7 of the amplifier/switch chip
to the fourth terminal 4 of the amplifier/switch chip. This
embodiment is used when the transmitted and received
signals are either TDD transmitted and received signals or
FDD transmitted and received signals.

Referring again to FIG. 3, in order to enable the RF chip
70 to process a received signal provided to the seventh
terminal 7 of RF chip at the reception frequency when the
transmitted and received signals are either TDD transmitted
and received signals, the fifth terminal S of the RF chip is
connected to the output of the frequency synthesizer 94 that
provides a reference signal having a frequency equal to the
difference between the transmission frequency and the inter-
mediate frequency, whereby the RF chip is connected for
enabling the third mixer 76 of the RF chip to mix the
reference signal with the received signal at the reception
frequency to down convert the frequency of the received
signal from the reception frequency to the intermediate
frequency and provide the received signal at the intermedi-
ate frequency to the eighth terminal 8 of the RF chip.

Referring again to FIG. 4, in order to enable the RF chip
70 to process a received signal provided to the seventh
terminal 7 of RF chip at the reception frequency when the
transmitted and received signals are either FDD transmitted
and received signals, the fifth terminal S of the RF chip is
connected to the output of the frequency synthesizer 100 that
provides a reference signal having a frequency equal to the
difference between the reception frequency and the inter-
mediate frequency, whereby the RF chip is connected for
enabling the third mixer 76 of the RF chip to mix the
reference signal with the received signal at the reception
frequency to down convert the frequency of the received
signal from the reception frequency to the intermediate
frequency and provide the received signal at the intermedi-
ate frequency to the eighth terminal 8 of the RF chip.
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Referring once again to FIG. 3, in order to enable the
amplifier/switch chip 82 to process an input signal provided
at the transmission frequency to the first terminal 1 of the
amplifier/switch chip 82 when the transmitted and received
signals are TDD transmitted and received signals, the second
terminal 2 of the amplifier/switch chip is coupled by a
bandpass filter 104 to the fifth terminal 5 of the amplifier/
switch chip and the switch 20 couples the antenna terminal

8 to the fifth terminal S of the amplifiex/switch chip, whereby
the amplifier/switch chip 82 is connected for enabling the
first amplifier 84 to amplify the input signal provided from
the RF chip 70 to the first terminal 1 of the amplifier/switch
chip at the transmission frequency and provide the amplified
signal to the antenna 92 for transmission.

Refemring once again to FIG. 4, in order to enable the
amplifter/switch chip 82 to process an input signal provided
at the transmission frequency to the first terminal 1 of the
amplifier/switch chip 82 when the transmitted and received
signals are FDD transmitted and received signals, the second
terminal 2 of the amplifier/switch chip is coupled by a low
pass filter 106 to the fifth terminal 5 of the amplifier/switch
chip and the switch 90 couples the antenna terminal 8 to the
fifth terminal 5 of the amplifier/switch chip, whereby the
amplifier/switch chip 82 is connected for enabling the first
amplifier 84 to amplify the input signal provided from the
RF chip 70 to the first terminal 1 of the amplifier/switch chip
at the transmission frequency and provide the amplified
signal to the antenna 92 for transmission.

Referring once again to both FIGS. 3 and 4, in order to
enable the amplifier/switch chip 82 to process a received
signal provided at the reception frequency to the antenna
terminal 8 of the amplifier/switch chip 82 by the antenna 92
when the transmitted and received signals are either TDD
transmitted and received signals or FDD transmitted and
received signals, the sixth terminal 6 of the amplifier/switch
chip is coupled by a bandpass filter 108 to the third terminal
3 of the amplifier/switch chip and the switch 90 couples the
antenna terminal 8 to the sixth terminal 6 of the amplifiex/
switch chip, whereby the amplifier/switch chip 82 is con-
nected for enabling the second amplifier 86 to amplify the
received signal provided by the antenna 92 at the reception
frequency and provide the amplified received signal to the
fourth terminal 4 of the amplifier/switch chip.

In an alternative embodiment described with reference to
FIGS. 2, 3 and 4, in order to enable the IF chip 20 to process
an FSK-modulated digital input signal provided to the
seventeenth terminal 17 of the IF chip when the modulation
of the digital input signal is FSK, the frequency synthesizer
100 is tuned for providing an output signal at a reference
frequency equal to cither the difference between the inter-
mediate frequency and the transmission frequency (for
TDD/FIG. 3) or the difference between the intermediate
frequency and the reception frequency (for FDD)/FIG. 4),
the first terminal 1 of the IF chip is coupled by a low-pass
filter (not shown) to the frequency synthesizer 100 for
enabling the frequency synthesizer to be modulated with the
analog input signal from the output of the DAC 22 and the
output of the frequency synthesizer 100 is connected to the
fifth terminal S of the RF chip 70, whereby the IF chip, the
RF chip and the frequency synthesizer are connected for
providing the modulated input signal at the transmission
frequency from the output of the second mixer 74 of the RF
chip to the sixth terminal of the RF chip. The frequency
synthesizer 100 is modulated with the analog input signal
only during the transmission mode of operation.

While the above description contains many specificities,
these should not be construed as limitations on the scope of
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the present invention, but rather as exemplifications of the
preferred embodiments described herein. Other variations
are possible and the scope of the present invention should be
determined not by the embodiments described herein but

rather by the claims and their legal equivalents.

We claim:

1. An integrated circuit chip set for use in a radio
communication system in which a modulated digital input

signal is processed for transmission and a modulated signal
received from an antenna is processed to provide an output

signal, wherein the modulation of the signals is either
quadrature phase shift keying (QPSK) or frequency shift
keying (FSK) and the signal transmission and reception is by
either time-division duplex (TDD) or frequency-division
dupiex (FDD), the chip set comprising
an intermediate frequency (IF) integrated circuit chip for
processing a digital input signal to convert the digital
input signal into an analog input signal and to provide
the input signal at an intermediate frequency and for
processing a received signal at the intermediate fre-
quency to down convert the frequency thereof and to

provide an output signal from the down-converted
received signal; and

a radio frequency (RF) integrated circuit chip for process-
ing the input signal provided by the IF chip at the
intermediate frequency to up convert the frequency
thereof to a transmission frequency and for processing
areceived signal provided at the reception frequency to
down convert the frequency thereof to the intermediate
frequency;

wherein the IF chip and the RF chip in combination
include
means for providing the input signal at said interme-

diate frequency when the modulation of the digital
input signal is QPSK modulated and for providing
the input signal at said intermediate frequency and/or
at the transmission frequency when the modulation
of the digital input signal is FSK modulated; and
means for sampling the down-converted received sig-
nal to provide said output signal when the down-
converted received signal is QPSK modulated and

for demodulating the down-converted received sig-
nal to provide said output signal when the down-

converted received signal is FSK modulated; and

wherein the IF chip includes switches and terminals for
enabling the IF chip to be connected for said pro-
cessing by the IF chip of QPSK-modulated signals or
to be connected for said processing by the IF chip of
FSK-modulated signals; and

wherein the RF chip includes terminals for enabling the
RF chip to be connected for said processing by the
RF chip of TDD transmitted and received signals or
to be connected for said processing by the RF chip of
FDD transmitted and received signals.

2. A chip set according to claim 1, wherein the IF chip
includes

a digital-to-analog converter (DAC) for converting the
digital input signal into the analog input signal, wherein
the output of the DAC is coupled to a first terminal of
the IF chip;

a phase-locked loop including a phase-locked osciliator,
wherein the input of the phase-locked oscillator is
coupled to a second terminal of the IF chip and the

output of the phase-locked oscillator is coupled to a
third terminal of the IF chip; and

a first mixer having one input coupled to the output of the
phase-locked oscillator, a second input coupled to a
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fourth terminal of the IF chip and an output connected
to a fifth terminal of the IF chip;

wherein when the modulation of the digital input signal is
QPSK and the first terminal is coupled to the fourth
terminai for enabling the first mixer to mix the output
of the phase-locked oscillator with the analog input
signal, the IF chip is connected for providing to the fifth

terminal the input signal at said intermediate frequency;
and

wherein when the modulation of the digital input signal is
FSK and the first terminal is connected to the second
terminal for enabling the input of the phase-locked
oscillator to be modulated with the analog input signal,
the IF chip is connected for providing the input signal
trom the output of the phase-locked oscillator to the
third terminal at said intermediate frequency.

3. A chip set according to claim 2, wherein the IF chip

further includes

a second mixer having one input coupled to a sixth
terminal of the IF chip, another input coupled to the
output of the phase-locked oscillator and an output
coupled to a seventh terminal of the IF chip;

a third mixer having one input coupled to an eighth
terminal of the IF chip, another input coupled to a ninth

input terminal and an output coupled to a tenth terminal
of the IF chip;

a limiting amplifier having an input coupled to an elev-
enth terminal of the IF chip and an output coupled to a
twelfth terminal of the IF chip; and

a sampling circuit having an input connected to a thir-
teenth terminal of the IF chip and an output connected
to a fourteenth terminal of the IF chip;

wherein when the sixth terminal is coupled to the RF chip
for receiving the received signal at the intermediate
frequency, the second mixer down converts the fre-
quency of the received signal from the intermediate
frequency;

wherein when the down-converted received signal is
QPSK modulated, the seventh terminal is coupled to
the eighth terminal, the ninth terminal is coupled to a
reference-frequency signal source, the tenth terminal is
coupled to the eleventh terminal and the twelfth termi-
nal is coupled to the thirteenth terminal, the IF chip is
connected for sampling the down-converted received
signal and for providing the sampled signal at the
fourteenth terminal; and

wherein when the down-converted received signal is FSK
modulated, the seventh terminal is coupled to the
eleventh terminal and the twelfth terminal is coupled to
the eighth terminal through a phase-shifting means and
connected directly to the ninth terminal, the IF chip is
connected for demodulating the down-converted

received signal and for providing the demodulated
signal at the tenth terminal.

4. A chip set according to claim 3, wherein the RF chip
includes

a first mixer having one input coupled to a first terminal
of the RF chip, another input coupled to a second
terminal of the RF chip and an output coupled to a third
terminal of the RF chip; and

a second mixer having one input coupled to a fourth
terminal of the RF chip, a another input coupled to a
fifth terminal of the RF chip and an output coupled to
a sixth terminal of the RF chip;

wherein when the transmitted and received signals are
TDD transmitted and received signals, the first terminal
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of the RF chip is coupled to the IF chip for receiving the
input signal provided by the IF chip at the intermediate
frequency, the second terminal of the RF chip is
coupled to a gain control circuit, the third terminal of

12

a second amplifier having an input coupled to a third

terminal of the amplifier/switch chip and an oufput
coupled to a fourth terminal of the amplifier/switch
chip;

the RF chip is coupled to the fourth terminal of the RF 5  an antenna terminal: and
chip, and the fifth terminal of the RF chip is coupled to a switch for coupling the antenna terminal to either a fifth
a source of a reference signal having a frequency equal terminal of the amplifier/switch chip or a sixth terminal
to the difference between the transmission frequency of the amplifier/switch chip;
and the intermediate frequency, the RF chip is con- wherein when the transmitted and received signals are
nected for converting the frequency of the input signal 10 TDD transmitted and received signals, the first terminal
provided by the IF chip to the transmission frequency of the amplifier/switch chip is coupled to the sixth
and for providing the input signal at the transmission terminal of the RF chip for receiving the input signal
frequency at the sixth terminal of the RF chip; and provided by the RF chip at the transmission frequency,
wherein when the transmitted and received signals are the second terminal of the amplifier/switch chip is
FDD transmitted and received signals, the first terminal 15 coupled by a low-pass filter to the fifth terminal of the
of the RF chip is coupled to the IF chip for receiving the amplifier/switch chip and the switch couples the
input signal provided by the IF chip at the intermediate antenna terminal to the fifth terminal of the amplifier/
frequency, the second terminal of the RF chip is switch chip, the amplifier/switch chip is connected for
coupled to a source of a reference signal having a amplifying the input signal provided by the RF chip at
frequency equal to the difference between the frequen- 20 the transmission frequency and for providing the ampli-
cies of the transmitted signal and the signal received by fied signal to the antenna terminal for transmission;
the antenna, the third terminal of the RF chip is coupled wherein when the transmitted and received signals are
to the fourth terminal of the RF chip and the fifth FDD transmitted and received signals, the first terminal
terminal of the RF chip is coupled to a source of a of the amplifier/switch chip is coupled to the sixth
reference signal having a frequency equal to the dif- 2 terminal of the RF chip for receiving the input signal
ference between the reception frequency and the intes- provided by the RF chip at the transmission frequency,
mediate frequency, the RF chip is connected for con- the second terminal of the amplifier/switch chip is
verting the frequency of the input signal provided by coupled by a bandpass filter to the fifth terminal of the
the IF chip to the transmission frequency and for amplifier/switch chip and the switch couples the
providing the input signal at the transmission frequency 30 antenna terminal to the fifth terminal of the amplifier/
at the sixth terminal of the RF chip. switch chip, the amplifier/switch chip is connected for
3. A chip set according to claim 4, wherein the RF chip amplifying the input signal provided by the RF chip at
further includes the transmission frequency and for providing the ampli-
a third mixer having one input coupled to an seventh fied signal to the antenna terminal for transmission; and
terminal of the RF chip, another input coupled to the >>  wherein when the received signals are either TDD trans-
fifth terminal of the RF chip and an output coupled to mitted and received signals or FDD transmitted and
an eighth terminal of the RF chip; received signals, the switch couples the antenna termi-
wherein when the seventh terminal receives said received nal to the sixth terminal of the amplifier/switch chip
signal at the reception frequency, the fifth terminal of , and the sixth terminal of the amplifier/switch chip is
the RF chip is coupled to the source of the reference coupled by a bandpass filter to the third terminal of the
sighal having a frequency equal to the difference amplifier/switch chip, the amplifier/switch chip is con-
between the transmission frequency and the interme- nected for amplifying the signal provided by the
diate frequency and the transmitted and received sig- antenna at the reception frequency and for providing
nals are TDD transmitted and received signals, the RF 45 the signal amplified by the second amplifier to the
chip is connected for converting the frequency of the fourth terminal of the RF chip.
received signal from the reception frequency to the 7. A chip set according to claim 1, wherein the IF chip
intermediate frequency and for providing the received  further includes
signal at the intermediate frequency at the eighth ter- a first mixer having one input coupled to a sixth terminal
minal of the RF chip; and 50 of the IF chip, another input coupled to the output of the

phase-locked oscillator and an output coupled to a
seventh terminal of the IF chip;

a second mixer having one input coupled to an cighth
terminal of the IF chip, another input coupled to a ninth
input terminal and an output coupled to a tenth terminal
of the IF chip;

a limiting amplifier having an input coupled to an elev-
enth terminal of the IF chip and an output coupled to a
twelfth terminal of the IF chip; and

a sampling circuit having an input connected to a thir-
teenth terminal of the IF chip and an output connected
to a fourteenth terminal of the IF chip;

wherein when the sixth terminal is coupled to the RF chip
for receiving the received signal at the intermediate
frequency, the second mixer down converts the fre-
quency of the received signal from the intermediate
frequency;

wherein when the seventh terminal receives said received
signal at the reception frequency, the fifth terminal of
the RF chip is coupled to the source of the reference
signal having a frequency equal to the difference
between the reception frequency and the intermediate s
frequency and the transmitted and received signals are
FDD transmitted and received signals, the RF chip is
connected for converting the frequency of the received
signal from the reception frequency to the intermediate
frequency and for providing the received signal at the g,
intermediate frequency at the eighth terminal of the RF *
chip. |

6. A chip set according to claim S, further comprising an

amplifier/switch chip, including

a first amplifier having an input coupled to a first terminal 65
of the amplifier/switch chip and an output coupled to a
second terminal of the amplifier/switch chip;
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wherein when the down-converted received signal is
QPSK moduiated, the seventh terminal is coupled to
the eighth terminal, the ninth terminal is coupled to a
reference-frequency signal source, the tenth terminal is

14

wherein when the seventh terminal receives said received

signal at the reception frequency, the fifth terminal of
the RF chip is coupled to the source of the reference

signal having a frequency equal to the difference

coupled to the eleventh terminal and the twelfth termi- 5 between the transmission frequency and the interme-
nal is coupled to the thirteenth terminal, the IF chip is diate frequency and the transmitted and received sig-
connected for sampling the down-converted received nals are TDD transmitted and received signals, the RF
signal and for providing the sampled signal at the chip is connected for converting the frequency of the
fourteenth terminal; and received signal from the reception frequency to the
wherein when the down-converted received signal is FSK 10 intermediate frequency and for providing the received
modulated, the seventh terminal is coupled to the signal at the intermediate frequency at the eighth ter-
eleventh terminal and the twelfth terminal is coupled to minal of the RF chip; and
the eighth terminal through a phase-shifting means and wherein when the seventh terminal receives said received
connected directly to the ninth terminal, the IF chip is signal at the reception frequency, the fifth terminal of
connected for demodulating the down-converted 13 the RF chip is coupled to the source of the reference
received signal and for providing the demoduiated signal having a frequency equal to the difference
signal at the tenth terminal. between the reception frequency and the intermediate
8. A chip set according to claim 1, wherein the RF chip frequency and the transmitted and received signals are
includes | FDD transmitted and received signals, the RF chip is
a first mixer having one input coupled to a first terminal 2° connected for converting the frequency of the received
of the RF chip, another input coupled to a second signal from the reception frequency to the intermediate
terminal of the RF chip and an output coupled to a third frequency and for providing the received signal at the
terminal of the RF chip; and 111t.ermedlate frequency at the eighth terminal of the RF
a second mixer having one input coupled to a fourth ”s chup.

terminal of the R¥ chip, a another input coupled to a
fifth terminal of the RF chip and an output coupled to
a sixth terminal of the RF chip;

wherein when the transmitted and received signals are
TDD transmitted and received signals, the first terminal

10. A chip set according to claim 9, further comprising an
amplifier/switch chip, including

a first amplifier having an input coupled to a first terminal

of the amplifier/switch chip and an output coupled to a
second terminal of the amplifier/switch chip;

of the RF chip is coupled to the IF chip for receiving the P a second amplifier having an input coupled to a third
input signal provided by the IF chip at the intermediate terminal of the amplifier/switch chip and an output
frequency, the second terminal of the RF chip is cal_lplcd to a fourth terminal of the amplifier/switch
coupled to a gain control circuit, the third terminal of Chip;
the RF chip is coupled to the fourth terminal of the RF ,;  an antenna terminal; and
chip, and the fifth terminal of the RF chip is coupled to a switch for coupling the antenna terminal to either a fifth
a source of a reference signal having a frequency equal terminal of the amplifier/switch chip or a sixth terminal
to the difference between the transmission frequency of the amplifier/switch chip;
and the intermediate frequency, the RF chip is con- wherein when the transmitted and received signals are
nected for converting the frequency of the input signal ,, TDD transmitted and received signals, the first terminal
provided by the IF chip to the transmission frequency of the amplifier/switch chip is coupled to the sixth
and for providing the input signal at the transmission terminal of the RF chip for receiving the input signal
frequency at the sixth terminal of the RF chip; and provided by the RF chip at the transmission frequency,
wherein when the transmitted and received signals are the second terminal of the amplifier/switch chip is
FDD transmitted and received signals, the first terminal 45 coupled by a low-pass filter to the fifth terminatl of the
of the RF chip is coupled to the IF chip for receiving the amplifier/switch chip and the switch couples the
input signal provided by the IF chip at the intermediate antenna terminal to the fifth terminal of the amplifier/
frequency, the second terminal of the RF chip is switch chip, the amplifier/switch chip is connected for
coupled to a source of a reference signal having a amplifying the input signal provided by the RF chip at
frequency equal to the difference between the frequen- sg the transmission frequency and for providing the ampli-
cies of the transmitted signal and the signal received by fied signal to the antenna terminal for transmission;
the antenna, the third terminal of the RF chip is coupled wherein when the transmitted and received signals are
to the fourth terminal of the RF chip and the fifth FDD transmitted and received signals, the first terminal
terminal of the R¥F chip is coupled to a source of a of the amplifier/switch chip is coupled to the sixth
reference signal having a frequency equal to the dif- s5 terminal of the RF chip for receiving the input signal
terence between the reception frequency and the inter- provided by the RF chip at the transmission frequency,
mediate frequency, the RF chip is connected for con- the second terminal of the amplifier/switch chip is
verting the trequency of the input signal provided by coupled by a bandpass filter to the fifth terminal of the
the IF chip to the transmission frequency and for amplifier/switch chip and the switch couples the
providing the input signal at the transmission frequency ¢ antenna terminal to the fifth terminal of the amplifier/
at the sixth terminal of the RF chip. switch chip, the amplifier/switch chip is connected for
9. A chip set according to claim 8, wherein the RF chip amplifying the input signal provided by the RF chip at
further includes the transmission frequency and for providing the ampli-
a third mixer having one input coupled to an seventh fied signal to the antenna terminal for transmission; and
terminal of the RF chip, another input coupled to the 65  wherein when the received signals are either TDD trans-

fifth terminal of the RF chip and an output coupled to
an eighth terminal of the RF chip;

mitted and received signals or FDD transmitted and
received signals, the switch couples the antenna termi-
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nal to the sixth terminal of the amplifier/switch chip
and the sixth terminal of the amplifier/switch chip is
coupled by a bandpass filter to the third terminal of the
amplifier/switch chip, the amplifier/switch chip is con-
nected for amplifying the signal provided by the
antenna at the reception frequency and for providing
the signal amplified by the second amplifier to the
fourth terminal of the RF chip.

11. A chip set according to claim 1 in combination with a

frequency synthesizer, wherein the IF chip includes

a digital-to-analog converter (DAC) for converting the
digital input signal into the analog input signal, wherein
the output of the DAC is coupled fo a first terminal of
the IF chip;

a phase-locked loop including a phase-locked oscillator,
wherein the input of the phase-locked oscillator is
coupled to a second terminal of the IF chip and the
output of the phase-locked oscillator is coupled to a
third terminal of the IF chip; and

a first mixer having one input coupled to the output of the
phase-locked oscillator, a second input coupled to a
fourth terminal of the IF chip and an output connected
to a fifth terminal of the IF chip;

wherein the RF chip includes

a first mixer having one input coupled to a first terminal
of the RF chip, another input coupled to a second
terminal of the RF chip and an output coupled to a third
terminal of the RF chip; and

a second muxer having one input coupled to a fourth
terminal of the RF chip, a another input coupled to a
fifth terminal of the RF chip and an output coupled to
a sixth terminal of the RF chip;

wherein when the modulation of the digital input signal is
QPSK and the first terminal is coupled to the fourth
terminal for enabling the first mixer to mix the output
of the phase-locked oscillator with the analog input
signal, the IF chip is connected for providing to the fifth
terminal the input signal at said intermediate frequency;
and

wherein when the modulation of the digital input signal is
FSK, the frequency synthesizer is tuned for providing
an output signal at a reference frequency, the first
terminal of the IF chip is connected to the frequency
synthesizer for enabling the frequency synthesizer to be
modulated with the analog input signal and the output
of the frequency synthesizer is connected to the fifth
terminal of the RF chip, the IF chip, the RF chip and the
frequency synthesizer are connected for providing the
modulated input signal at the transmission frequency
from the output of the second mixer of the RF chip.
12. An intermediate frequency (IF) integrated circuit chip
for use in a radio communication system in which a modu-
lated digital input signal is processed for transmission and a
signal received from an antenna is processed to provide a
demodulated output signal, wherein the modulation of the
digital input signal is either quadrature phase shift keying
(QPSK) or frequency shift keying (FSK), wherein the chip
is adapted for processing a digital input signal to convert the
digital input signal into an analog input signal and to provide
the input signal at an intermediate frequency and for pro-
cessing a received signal at the intermediate frequency to
down convert the frequency thereof and to provide an output
signal from the down-converted received signal, the chip
comprising
means for providing the input signal at said intermediate
frequency when the modulation of the digital input
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signal is QPSK modulated and for providing the input
signal at said intermediate frequency when the modu-
lation of the digital input signal is FSK modulated;

means for sampling the down-converted received signal
to provide said output signal when the down-converted
received signal is QPSK modulated and for demodu-
lating the down-converted received signal to provide
said output signal when the down-converted received
signal 1s FSK modulated; and

switches and terminals for enabling the IF chip to be
connected for said processing by the IF chip of QPSK-
modulated signals or to be connected for said process-
ing by the IF chip of FSK-modulated signals.

13. An IF chip according to claim 12, comprising

a digital-to-analog converter (DAC) for converting the
digital input signal into the analog input signal, wherein
the output of the DAC is coupled to a first terminal of
the IF chip;

a phase-locked loop including a phase-locked oscillator,
wherein the input of the phase-locked oscillator is
coupled to a second terminal of the IF chip and the

output of the phase-locked oscillator is coupled to a
third terminal of the IF chip; and

a first mixer having one input coupled to the output of the
phase-locked oscillator, a second input coupled to a
fourth terminal of the IF chip and an output connected
to a fifth terminal of the IF chip;

wherein when the modulation of the digital input signal is
QPSK and the first terminal is coupled to the fourth
terminal for enabling the first mixer to mix the output
of the phase-locked oscillator with the analog input
signal, the IF chip is connected for providing to the fifth
terminal the input signal at said intermediate frequency;
and

wherein when the modulation of the digital input signal is
FSK and the first terminal is connected to the second
terminal for enabling the input of the phase-locked
oscillator to be modulated with the analog input signal,
the IF chip is connected for providing the input signal
from the output of the phase-locked oscillator to the
third terminal at said intermediate frequency.

14. An IF chip according to claim 13, further comprising

a second mixer having one input coupled to a sixth
terminal of the IF chip, another input coupled to the
output of the phase-locked oscillator and an output
coupled to a seventh terminal of the IF chip;

a third mixer having one input coupled to an eighth
terminal of the IF chip, another input coupled to a ninth

input terminal and an output coupled to a tenth terminal
of the IF chip;

a limiting amplifier having an input coupled to an elev-
enth terminal of the IF chip and an output coupled to a
twelfth terminal of the IF chip; and

a sampling circuit having an input connected to a thir-
teenth terminal of the IF chip and an output connected
to a fourteenth terminal of the IF chip;

wherein when the sixth terminal receives the received
signal at the intermediate frequency, the second mixer
down converts the frequency of the received signal
from the intermediate frequency;

wherein when the down-converted received signal is
QPSK modulated, the seventh terminal is coupled to
the eighth terminal, the ninth terminal is coupled to a
reference-frequency signal source, the tenth terminal is
coupled 16 the eleventh terminal and the twelfth ter-
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minal is coupled to the thirteenth terminal, the IF chip
is connected for sampling the down-converted received
signal and for providing the sampled signal at the
fourteenth terminal; and

wherein when the down-converted received signal is FSK
modulated, the seventh terminal is coupled to the
eleventh terminal and the twelfth terminal is coupled to
the eighth terminal through a phase-shifting means and
connected directly to the ninth terminal, the IF chip is
connected for demodulating the down-converted
received signal and for providing the demodulated
signal at the tenth terminal.

15. An IF chip according to claim 12, further comprising

a first mixer having one input coupled to a sixth terminal
of the IF chip, another input coupled to the output of the
phase-locked oscillator and an output coupled to a
seventh terminal of the IF chip;

a second mixer having one input coupled to an eighth
terminal of the IF chip, another input coupled to a ninth

input terminal and an output coupled to a tenth terminal
of the IF chip;

a limiting amplifier having an input coupled to an elev-
enth terminal of the IF chip and an output coupled to a
twelfth terminal of the IF chip; and

a sampling circuit having an input connected to a thir-
teenth terminal of the IF chip and an output connected
to a fourteenth terminal of the IF chip;

wherein when the sixth terminal receives the received
signal at the intermediate frequency, the second mixer
down converts the frequency of the received signal
from the intermediate frequency;

wherein when the down-converted received signal is
QPSK modulated, the seventh terminal is coupled to
the eighth terminal, the ninth terminal is coupled to a
reference-frequency signal source, the tenth terminal is
coupled to the eleventh terminal and the twelfth termi-
nal is coupled to the thirteenth terminal, the IF chip is
connected for sampling the down-converted received

signal and for providing the sampled signal at the
fourteenth terminal; and

wherein when the down-converted received signal is FSK
modulated, the seventh terminal is coupled to the
eleventh terminal and the twelfth terminal is coupled to
the eighth terminal through a phase-shifting means and
connected directly to the ninth terminal, the IF chip is
connected for demodulating the down-converted
received signal and for providing the demodulated
signal at the tenth terminal.

16. A radio frequency (RF) integrated circuit chip set for
use in a radio communication system in which a modulated
digital input signal is processed for transmission and a signal
received from an antenna is processed to provide a demodu-
lated output signal, wherein the signal transmission and
reception is by either time-division duplex (TDD) or
frequency-division duplex (FDD), the chip comprising

means for processing an input signal provided at the

intermediate frequency to up convert the frequency
thereof to a transmission frequency and for processing
areceived signal provided at the reception frequency to
down convert the frequency thereof to the interimediate
frequency; and

terminals for enabling the chip to be connected for said

processing of TDD transmitted and received signals or
to be connected for said processing of FDD transmitted
and received signals.
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17. An RF chip according to claim 16, comprising

a first mixer having one input coupled to a first terminal
of the RF chip, another input coupled to a second
terminal of the RF chip and an output coupled to a third
terminal of the RF chip; and

a second mixer having one input coupled to a fourth
terminal of the RF chip, a another input coupled to a
fifth terminal of the RF chip and an output coupled to
a sixth terminal of the RF chip;

wherein when the transmitted and received signals are
TDD transmitted and received signals, the first terminal
of the RF chip receives an input signal at the interme-
diate frequency, the second terminal of the RF chip is
coupled to a gain control circuit, the third terminal of
the RF chip is coupled to the fourth terminal of the RF
chip, and the fifth terminal of the RF chip is coupled to
a source of a reference signal having a frequency equal
to the difference between the transmission frequency
and the intermediate frequency, the RF chip is con-
nected for converting the frequency of the input signal
to the transmission frequency and for providing the
input signal at the transmission frequency at the sixth
terminal of the RF chip; and

wherein when the transmitted and received signals are
FDD transmitted and received signals, the first terminal
of the RF chip receives an input signal at the interme-
diate frequency, the second terminal of the RF chip is
coupled to a source of a reference signal having a
frequency equal to the difference between the freguen-
cies of the transmitted signal and the signal received by
the antenna, the third terminal of the RF chip is coupled
to the fourth terminal of the RF chip and the fifth
terminal of the RF chip is coupled to a source of a
reference signal having a frequency equal to the dif-
ference between the reception frequency and the inter-
mediate frequency, the RF chip is connected for con-
verting the frequency of the input signal provided at the
intermediate frequency to the transmission frequency
and for providing the input signal at the transmission
frequency at the sixth terminal of the RF chip.

18. An RF chip according to claim 17, further comprising

a third mixer having one input coupled to an seventh
terminal of the RF chip, another input coupled to the
fifth terminal of the RF chip and an output coupled to
an eighth terminal of the RF chip;

wherein when the seventh terminal receives said received
signal at the reception frequency, the fifth terminal of
the RF chip is coupled to the source of the reference
signal having a frequency equal to the difference
between the transmission frequency and the interme-
diate frequency and the transmitted and received sig-
nals are TDD transmitted and received signals, the RF
chip is connected for converting the frequency of the
received signal from the reception frequency to the
intermediate frequency and for providing the received
signal at the intermediate frequency at the eighth ter-
minal of the RF chip; and

wherein when the seventh terminal receives said received
signal at the reception frequency, the fifth terminal of
the RF chip is coupled to the source of the reference
signal having a frequency equal to the difference
between the reception frequency and the intermediate
frequency and the transmitted and received signals are
FDD transmitted and received signals, the RF chip is
connected tor converting the frequency of the received
signal from the reception frequency to the intermediate
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frequency and for providing the received signal at the
intermediate frequency at the eighth terminal of the RF
chip.
19. A chip set according to claim 18, in combination with
an amplifier/switch chip that comprises

a first amplifier having an input coupled to a first terminal
of the amplifier/switch chip and an output coupled to a
second terminal of the amplifier/switch chip;

a second amplifier having an input coupled to a third
terminal of the amplifier/switch chip and an output
coupled to a fourth terminal of the amplifier/switch
chip;

an antenna terminal; and

a switch for coupling the antenna terminal to either a fifth

terminal of the amplifier/switch chip or a sixth terminal
of the amplifier/switch chip;

wherein when the transmitted and received signals are
TDD transmitted and received signals, the first terminal
of the amplifier/switch chip is coupled to the sixth
terminal of the RF chip for receiving the input signal
provided by the RF chip at the transmission frequency,
the second terminal of the amplifier/switch chip is
coupled by a low-pass filter to the fifth terminal of the
amplifier/switch chip and the switch couples the
antenna terminal to the fifth terminal of the amplifier/
switch chip, the amplifier/switch chip is connected for
amplifying the input signal provided by the RF chip at
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the transmission frequency and for providing the ampli-
fied signal to the antenna terminal for transmission;

wherein when the transmitted and received signals are

FDD transmitted and received signals, the first terminal
of the amplifier/switch chip is coupled to the sixth
terminal of the RF chip for receiving the input signal
provided by the RF chip at the transmission frequency,
the second terminal of the amplifier/switch chip is
coupled by a bandpass filter to the fifth terminal of the
amplifier/switch chip and the switch couples the
antenna terminal to the fifth terminal of the amplifier/
switch chip, the amplifier/switch chip 1s connected for
amplifying the input signal provided by the RF chip at
the transmission frequency and for providing the ampli-
fied signal to the antenna terminal for transmission; and

wherein when the received signals are either TDD trans-

mitted and received signals or FDD transmitted and
received signals, the switch couples the antenna termi-
nal to the sixth terminal of the amplifier/switch chip
and the sixth terminal of the amplifier/switch chip is
coupled by a bandpass filter to the third terminal of the
amplifier/switch chip, the amplifier/switch chip is con-
nected for amplifying the signal provided by the
antenna at the reception frequency and for providing
the signal amplified by the second amplifier to the
fourth terminal of the RF chip.
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